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Piping Guide

Introduction

This guide lists maximum allowable working
pressures (MAWP) for pipe and tubing generally
available within the Department of Energy
Complex. The MAWP values shown were ob-
tained using calculational methods and material
properties taken from ANSI B31.1, Code for
Power Piping, 1989 edition. A safety factor of 4 is
already calculated in these values.

The listed working pressures apply to work-
ing temperatures up to 200°C (400°F) for ferrous
pipe and tubing, and up to 120°C (250°F) for non-
ferrous pipe and tubing. They are given in both
SI [megapascals (MPa)] and English units
[thousands of pounds per square inch (ksi)].

Cautions

e DO NOT use steel threaded fittings at
pressures over 1 MPa (150 psig) or brass threaded
fittings at pressures over 0.83 MPa (125 psig)
unless the stamped rating, manufacturer’s
catalog, or other reference states they have a
higher pressure rating.

< DO NOT use tubing or pipe at pressures
above those listed in this guide unless such use is
specifically covered by an approved Engineering
Safety Note.

< DO NOT use threaded pipe other than
seamless Schedule 80 (at least) for 1.7 MPa (250
psi) steam service or 0.7 MPa (100 psi) service
with water over 105°C (220°F).

Pipe and Tubing

Use pipe and tubing rated at or above the
required MAWP. If you plan to use pipe or
tubing at pressures above listed values, include
calculations in an engineering document to justify
your selections.

When selecting pipe or tubing, consider:

= operating pressure and temperature,
fluid compatibility,
installation/maintenance requirements,
proper hardness.

Use the American National Standard Code
for pressure piping, ANSI B31:3, or a reliable
reference to determine the MAWP for low and
intermediate pressure pipe and tubing. Refer to
the following tables for pressure ratings for
various pipe and tubing.

Sample Calculations of MAWP

Threaded Pipe

Determine the MAWP of straight lengths of
1-in.-diameter, Schedule 40, UNS Alloy C23000,
threaded brass pipe for a working temperature of
120°C. Use Eq. (4) from page 17 of ANSI B31.1.

" Do-2y (tm—A)
where

SE = allowable stress at 120°C (250°F) [ANSI
B31.1, App. A, pp. 182, 183] = 8.0 ksi.

tm = minimum wall thickness allowed under
the specification = nominal wall thickness
less wall tolerance = 0.126 - 0.007 =
0.119in.

A = thread depth for 1-in.-o.d. pipe

[“Dimension h,” ANSI B2.1, Table 2, p. 7]

=0.070in.

tabulated o.d. of 1-in. pipe = 1.315in.

coefficient for nonferrous pipe [ANSI

B31.1] = 0.4. (Also for ferrous pipe.)

Substituting known values, the equation
becomes

_ 2x8000(0.119-0.070)
"~ 1.315-2x 0.4 (0.119 - 0.070)

= 615 psi .

In other units, this may be expressed as 0.61 ksi or
4.21 MPa.
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. or
Unthreaded Pipe

2 x 8000 (0.119 — 0.000)

assemblod by brazing (A ~ 0000). the MAWP |~ 1315-2%04 (0119-0000) - 1S¥LPS
would be 10.76 MPa (1.56 ksi). or 1.56 ksi, or 10.76 MPa, which (in this case) is
2 SE (tm - A) about 2.5 times its threaded rating.
" Do-2y (tm—-A)
Pipe Listing
Table No. Type of piping
D-1. Aluminum alloy, Schedule 40
D-2. Brass, regular strength
D-3. Brass, extra strength
D-4. Copper, regular strength
D-5. Copper, extra strength
D-6. Black steel, Schedule 40
D-7. Black steel, Schedule 80
D-8. Carbon steel
D-9. Stainless steel, Schedule 40
Aluminum Alloy Pipe
<Drawn, extruded, seamless.
«6061-T6, Schedule 40 (UNS A96061).
*Per MIL-P-25995 .
Table D-1.
Nominal
wall MAWP
IPS od. thickness Threaded Plain
(in) (in) (in) (ksi) (MPa) (ksi) (MPa)
1/4 0.540 0.088 1.34 9.24 3.38 23.31
3/4 1.050 0.113 0.86 5.93 2.14 14.76
1 1.315 0.133 0.68 4.69 1.80 12.41
1-1/2 1.900 0.145 0.58 4.00 1.34 9.24
2 2.375 0.154 0.53 3.66 1.13 7.79
3 3.500 0.216 0.49 3.38 1.07 7.38
5 5.563 0.258 0.43 2.97 0.79 5.45
6 6.625 0.288 0.42 2.90 0.72 4.97
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Brass Pipe

=Seamless, annealed, regular strength.

=CDA Alloy 230 (UNS C23000).
~Per ASTM B43.

Table D-2.
Nominal
wall
IPS o.d. thickness Threaded Plain
(in) (in) (in) (ksi) (MPa) (ksi) (MPa)
1/8 0.405 0.062 1.17 8.07 2.58 17.79
1/4 0.540 0.082 1.02 7.03 2.57 17.72
3/8 0.675 0.090 1.02 7.03 2.24 15.45
1/2 0.840 0.107 0.87 6.00 2.12 14.62
3/4 1.050 0.114 0.80 5.52 1.79 12.34
1 1.315 0.126 0.61 4.21 1.56 10.76
1-1/4 1.660 0.146 0.67 4.62 1.42 9.79
1-1/2 1.900 0.150 0.62 4.28 1.27 8.76
2 2.375 0.156 0.53 3.66 1.04 7.17
2-1/2 2.875 0.187 0.43 2.97 1.03 7.10
3 3.500 0.219 0.50 3.45 0.99 6.83
3-1/2 4.000 0.250 0.56 3.86 0.99 6.83
4 4.500 0.250 0.49 3.38 0.87 6.00
5 5.562 0.250 0.39 2.69 0.70 4.83
6 6.625 0.250 0.33 2.28 0.58 4.00
Brass Pipe
=Seamless, annealed, extra strength.
<CDA Alloy 230 (UNS C23000).
<Per ASTM B43.
Table D-3.
Nominal
wall
IPS o.d. thickness Threaded Plain
(in) (in.) (in.) (ksi) (MPa) (ksi) (MPa)
1/4 0.540 0.123 2.38 16.41 4.15 28.62
1 1.315 0.182 1.32 9.10 2.33 16.07
2 2.375 0.221 0.98 6.76 1.51 10.41
3 3.500 0.304 0.89 6.14 1.40 9.66
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Copper Pipe

=Seamless, drawn, regular strength.
=UNS Alloy C12200.

=Per ASTM B42.

Table D-4.
Nominal
wall

IPS od. thickness Threaded Plain

(in) (in) (in.) (ksi) (MPa) (ksi) (MPa)
1/8 0.405 0.062 1.64 11.31 3.63 25.03
1/4 0.540 0.082 1.44 9.93 3.62 24.97
3/8 0.675 0.090 1.43 9.86 3.15 21.72
1/2 0.840 0.107 1.23 8.48 2.99 20.62
3/4 1.050 0.114 1.13 7.79 2.52 17.38
1 1.315 0.126 0.86 5.93 2.19 15.10
1-1/4 1.660 0.146 0.95 6.55 2.00 13.79
1-1/2 1.900 0.150 0.87 6.00 1.78 12.28
2 2.375 0.156 0.74 5.10 1.46 10.07
2-1/2 2.875 0.187 0.49 3.38 1.16 8.00
3 3.500 0.219 0.56 3.86 111 7.66
3-1/2 4.000 0.250 0.63 4.34 1.12 7.72
4 4.500 0.250 0.55 3.79 0.98 6.76
5 5.562 0.250 0.44 3.03 0.79 5.45
6 6.625 0.250 0.37 2.55 0.66 4.55
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Copper Pipe

=Seamless, drawn, extra strength.
=UNS Alloy C12200.
<Per ASTM BA42.

Table D-5.
Nominal
wall MAWP
IPS o.d. thickness Threaded Plain
(in) (in) (in) (ksi) (MPa) (ksi) (MPa)
1/2 0.840 0.149 2.44 16.83 4.36 30.07
3/4 1.050 0.157 2.09 14.41 3.57 24.62
1 1.315 0.182 1.86 12.83 3.28 22.62
1-1/4 1.660 0.194 1.63 11.24 2.73 18.83
1-1/2 1.990 0.203 1.52 10.48 2.47 17.03
2 2.375 0.221 1.38 9.52 2.13 14.69
2-1/2 2.875 0.280 1.08 7.45 1.79 12.34
3 3.500 0.304 1.01 6.97 1.58 10.90
4 4500 0.341 0.92 6.34 1.37 9.45
Black Steel Pipe
=Seamless, Schedule 40.
=Carbon steel.
<Per ASTM A106, Grade B.
Table D-6.
Nominal
wall MAWP
IPS o.d. thickness Threaded Plain
(in) (in) (in) (ksi) (MPa) (ksi) (MPa)
1/8 0.405 0.068 2.27 15.66 4,94 34.07
1/4 0.540 0.088 1.92 13.24 4.82 33.24
3/8 0.675 0.091 1.67 11.52 3.92 27.03
1/2 0.840 0.109 1.40 9.66 3.73 25.72
3/4 1.050 0.113 1.24 8.55 3.05 21.03
1 1.315 0.133 1.08 7.45 2.84 19.59
1-1/4 1.660 0.140 0.96 6.62 2.34 16.14
1-1/2 1.900 0.145 0.92 6.34 2.11 14.55
2 2.375 0.154 0.83 5.72 1.78 12.28
2-1/2 2.875 0.203 0.83 5.72 1.95 13.45
3 3.500 0.216 0.77 5.31 1.69 11.66
3-1/2 4.000 0.226 0.75 5.17 1.54 10.62
4 4.500 0.237 0.72 4,97 1.43 9.86
5 5.563 0.258 0.69 4.76 1.26 8.69
6 6.625 0.280 0.66 4,55 1.14 7.86
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Black Steel Pipe

«Seamless, Schedule 80.
=Carbon steel.
ePer ASTM A106, Grade B.

Table D-7.
Nominal
wall MAWP

IPS o.d. thickness Threaded Plain
(in) (in.) (in.) (ksi) (MPa) (ksi) (MPa)
1/8 0.405 0.095 4.38 30.21 7.35 50.69
1/4 0.540 0.119 3.65 25.17 6.83 47.10
3/8 0.675 0.126 3.18 21.93 5.62 38.76
1/2 0.840 0.147 2.76 19.03 5.25 36.21
3/4 1.050 0.154 2.36 16.28 4.29 29.59
1 1.315 0.179 2.09 14.41 3.96 27.31
1-1/4 1.660 0.191 1.83 12.62 3.28 22.62
1-1/2 1.900 0.200 1.73 11.93 2.98 20.55
2 2.375 0.218 1.59 10.97 2.57 17.72
2-1/2 2.875 0.276 1.53 10.55 2.69 18.55
3 3.500 0.300 1.44 9.93 2.38 16.41
3-1/2 4.000 0.318 1.38 9.52 2.20 15.17
4 4.500 0.337 1.34 9.24 2.07 14.28
5 5.563 0.375 1.27 8.76 1.85 12.76
6 6.625 0.432 1.06 7.31 1.54 10.62

Carbon Steel Pipe

«Seamless, cold drawn, stress relieved.
«Carbon steel, AISI MT-1016 1018.
«Per ASTM A519.

Table D-8.
Nominal
wall MAWP*
IPS o.d. thickness Threaded Plain
(in) (in) (in) (ksi) (MPa) (ksi) (MPa)
1/8 0.405 0.068 2.50 17.24 5.24 36.14
1/4 0.540 0.088 2.09 14.41 5.06 34.90
3/8 0.675 0.091 1.79 12.34 4.09 28.21
1/2 0.840 0.109 1.55 10.69 3.92 27.03
3/4 1.050 0.113 1.34 9.24 3.20 22.07
1 1.315 0.133 1.18 8.14 2.99 20.62
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Table D-8. (Continued)

Nominal
wall MAWP*

IPS o.d. thickness Threaded Plain
(in) (in) (in) (ksi) (MPa) (ksi) (MPa)
1-1/4 1.660 0.140 1.05 7.24 2.46 16.97
1-1/4 1.660 0.191 1.96 13.52 3.44 23.72
1-1/2 1.900 0.145 0.99 6.83 221 15.24
2 2.375 0.156 0.97 6.69 1.94 13.38
3 3.500 0.1875 0.65 4.48 1.57 10.83
3 3.500 0.219 0.91 6.28 1.85 12.76
3 3.500 0.250 1.17 8.07 2.12 14.62
4 4.500 0.120 0.075 0.52 0.76 5.24
4 4.500 0.250 0.90 6.21 1.63 11.24
4 4.500 0.500 2.62 18.07 341 23.52

*Based on SAE J 1397, MT-1016.
Stainless Steel Pipe
=Seamless, annealed, Schedule 40.
*CRES, Type 304.
<Per Mil-P-1144, Type 1, Class 3.
Table D-9.
Nominal
wall MAWP

IPS od. thickness Threaded Plain
(in) (in) (in) (ksi) (MPa) (ksi) (MPa)
1/8 0.405 0.068 2.84 19.59 6.18 42.62
1/4 0.540 0.088 2.40 16.55 6.03 41.59
3/8 0.675 0.091 2.08 14.34 491 33.86
1/2 0.840 0.109 1.76 12.14 4.66 32.14
3/4 1.050 0.113 1.55 10.69 3.82 26.34
1 1.315 0.133 1.35 9.31 3.55 24.48
1-1/4 1.660 0.140 1.20 8.28 2.92 20.14
1-1/2 1.900 0.145 1.15 7.93 2.64 18.21
2 2.375 0.154 1.04 7.17 2.23 15.38
2-1/2 2.875 0.203 1.04 7.17 2.44 16.83
3 3.500 0.216 0.97 6.69 2.11 14.55
3-1/2 4.000 0.226 0.93 6.41 1.93 13.31
4 4.500 0.237 0.90 6.21 1.79 12.34
5 5.563 0.258 0.86 5.93 1.57 10.83

Appendix D-9



Tube Listing

Aluminum Alloy Tubing

Table No. Type of tubing
D-10. Aluminum alloy
D-11. Brass, hard drawn
D-12. Copper, H58 drawn, 12 ft lengths
D-13. Copper, annealed, 50 ft coils, general use
D-14. Copper, annealed, 50 ft coils, refrigeration use
D-15. Copper, drawn temper, 20 ft lengths
D-16. Copper, Type K
D-17. Copper, Type L
D-18. Copper, Type M
D-19. Carbon steel
D-20. Stainless steel

«Seamless, drawn.
«6061-T6 alloy (UNS A96061).
ePer Fed WW-T-700/6.

Table D-10.
Nominal Nominal
wall wall
od. thickness MAWP o.d. thickness MAWP
(in.) (in.) (ksi) (MPa) (in.) (in.) (ksi) (MPa)

0.375 0.035 1.79 12.34 1.000 0.065 121 8.34
0.375 0.049 2.58 17.79 1.000 0.083 1.60 11.03
0.375 0.058 3.09 21.31 1.125 0.058 0.94 6.48
0.500 0.035 1.32 9.10 1.250 0.049 0.72 4.97
0.500 0.049 1.88 12.97 1.250 0.065 0.96 6.62
0.500 0.065 2.56 17.66 1.250 0.083 1.26 8.69
0.625 0.049 1.48 10.21 1.500 0.065 0.79 5.45
0.625 0.065 2.01 13.86 1.500 0.083 1.04 7.17
0.750 0.035 0.86 5.93 1.625 0.058 0.64 4.41
0.750 0.049 1.22 8.41 2.000 0.049 0.44 3.03
0.750 0.058 1.45 10.00 2.000 0.065 0.59 4.07
0.750 0.065 1.65 11.38 2.500 0.065 0.47 3.24
0.750 0.083 2.18 15.03 3.500 0.065 0.33 2.28
0.875 0.065 1.40 9.66
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Brass Tubing

«Seamless, hard drawn.

=CDA Alloy 330.

=Per MIL-T-46072.

Table D-11.
Nominal Nominal
wall wall
o.d. thickness MAWP* o.d. thickness MAWP*

(in.) (in.) (ksi) (MPa) (in.) (in.) (ksi) (MPa)
0.125 0.035 10.62 73.24 2.000 0.125 2.09 14.41
0.1875 0.022 3.84 26.48 2.125 0.125 1.93 13.31
0.1875 0.035 6.52 4497 2.250 0.065 0.88 6.07
0.1875 0.049 10.07 69.45 2.250 0.125 1.82 12.55
0.250 0.035 4.70 32.41 2.500 0.035 0.40 2.76
0.250 0.065 10.10 69.66 2.500 0.065 0.79 5.45
0.3125 0.035 3.68 25.38 2.500 0.125 1.63 11.24
0.375 0.035 3.02 20.83 2.625 0.125 1.55 10.69
0.375 0.065 6.22 42.90 2.750 0.062 0.68 4.69
0.500 0.035 2.22 15.31 2.750 0.125 1.47 10.14
0.500 0.065 4.50 31.03 2.875 0.065 0.68 4.69
0.625 0.035 1.76 12.14 3.000 0.035 0.33 2.28
0.625 0.065 3.52 24.28 3.000 0.065 0.65 4.48
0.625 0.125 7.59 52.34 3.000 0.125 1.35 9.31
0.750 0.035 1.43 9.86 3.000 0.187 2.09 14.41
0.750 0.065 2.87 19.79 3.250 0.065 0.60 4.14
0.750 0.125 6.11 42.14 3.250 0.125 1.24 8.55
0.875 0.035 1.22 8.41 3.500 0.065 0.56 3.86
0.875 0.065 2.43 16.76 3.500 0.125 1.15 7.93
0.875 0.083 3.21 22.14 3.750 0.125 1.07 7.38
1.000 0.035 1.06 7.31 4.000 0.065 0.49 3.38
1.000 0.065 2.11 14.55 4.000 0.125 1.00 6.90
1.000 0.125 4.42 30.48 4.250 0.125 0.92 6.34
1.125 0.035 0.94 6.48 4.500 0.065 0.42 2.90
1.250 0.035 0.84 5.79 4.500 0.125 0.87 6.00
1.250 0.065 1.67 11.52 4.750 0.125 0.82 5.66
1.250 0.125 3.46 23.86 5.000 0.065 0.38 2.62
1.375 0.065 1.51 10.41 5.000 0.125 0.78 5.38
1.375 0.125 3.12 21.52 5.250 0.125 0.74 5.10
1.500 0.035 0.70 4.83 5.500 0.125 0.71 4.90
1.500 0.065 1.38 9.52 6.000 0.125 0.65 4.48
1.500 0.125 2.84 19.59 6.500 0.125 0.60 4,14
1.750 0.035 0.60 4.14 6.750 0.125 0.58 4.00
1.750 0.065 1.18 8.14 7.000 0.125 0.55 3.79
1.750 0.125 241 16.62 7.250 0.125 0.53 3.66
2.000 0.035 0.52 3.59 8.250 0.125 0.46 3.17
2.000 0.065 1.03 7.10

* Based on MIL-T-46072.
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Copper Tubing

=Seamless, H58 drawn, 12 ft straight lengths.

=Copper, UNS C12200, general use.
«Per ASTM B75 (LLNL ESR 20901).

Table D-12.
Nominal Nominal
wall wall
o.d. thickness MAWP o.d. thickness MAWP
(in) (in) (ksi) (MPa) (in) (in) (ksi) (MPa)
0.125 0.020 2.74 18.90 1.000 0.035 0.58 4.00
0.125 0.032 5.12 35.31 1.000 0.065 1.15 7.93
0.188 0.028 2.73 18.83 1.000 0.129 2.45 16.90
0.188 0.032 3.23 22.28 1.250 0.065 0.91 6.28
0.250 0.035 2.56 17.66 1.500 0.065 0.75 5.17
0.250 0.049 3.88 26.76 1.750 0.065 0.64 441
0.250 0.065 551 38.00 2.000 0.065 0.56 3.86
0.313 0.035 2.00 13.79 2.000 0.083 0.72 497
0.375 0.035 1.64 11.31 2.500 0.065 0.43 2.97
0.375 0.065 3.39 23.38 2.500 0.083 0.56 3.86
0.500 0.035 1.21 8.34 2.500 0.125 0.87 6.00
0.500 0.065 2.45 16.90 3.000 0.083 0.46 3.17
0.625 0.035 0.96 6.62 3.000 0.120 0.69 4.76
0.625 0.065 1.92 13.24 3.500 0.065 0.30 2.07
0.625 0.083 2.53 17.45 4.000 0.125 0.53 3.66
0.750 0.035 0.78 5.38 5.000 0.250 0.88 6.07
0.750 0.065 1.56 10.76 6.000 0.250 0.73 5.03
0.750 0.083 2.04 14.07
Copper Tubing
=Seamless, 060 soft annealed, 50 ft coils.
«Copper, UNS C12200, general use.
<Per ASTM B75.
Table D-13.
Nominal Nominal
wall wall
o.d. thickness MAWP o.d. thickness MAWP
(in) (in) (ksi) (MPa) (in) (in) (ksi) (MPa)
0.188 0.032 2.15 14.83 0.375 0.065 2.26 15.59
0.250 0.049 2.58 17.79 0.500 0.032 0.73 5.03
0.375 0.049 1.63 11.24 0.500 0.065 1.63 11.24

Appendix D-12



Copper Tubing

=Seamless, soft annealed, 50 ft coils.
=Copper, UNS C12200, refrigeration use.
«Per ASTM B280 (LLNL ESR 20903).

Table D-14.
Nominal Nominal
wall wall
o.d. thickness MAWP o.d. thickness MAWP
(in) (in) (ksi) (MPa) (in) (in) (ksi) (MPa)
0.125 0.030 3.13 21.59 0.750 0.035 0.52 3.59
0.187 0.030 2.00 13.79 0.750 0.042 0.64 441
0.250 0.030 1.44 9.93 0.875 0.045 0.58 4.00
0.312 0.032 1.22 8.41 1.125 0.050 0.50 3.45
0.375 0.032 1.00 6.90 1.375 0.055 0.45 3.10
0.500 0.032 0.74 5.10 1.625 0.060 0.42 2.90
0.625 0.035 0.64 441
Copper Tubing
=Seamless, drawn temper, 20 ft straight lengths.
=Copper, UNS C12200, air conditioning use.
«Per ASTM B280.
Table D-15.
Nominal Nominal
wall wall
o.d. thickness MAWP o.d. thickness MAWP
(in) (in) (ksi) (MPa) (in) (in) (ksi) (MPa)
0.375 0.030 1.34 9.24 1.625 0.060 0.63 4.34
0.500 0.035 1.19 8.21 2.125 0.070 0.55 3.79
0.625 0.040 1.10 7.59 2.625 0.080 0.51 3.52
0.750 0.042 0.96 6.62 3.125 0.090 0.48 3.31
0.875 0.045 0.87 6.00 3.625 0.100 0.47 3.24
1.125 0.050 0.76 5.24 4,125 0.110 0.45 3.10
1.375 0.055 0.68 4.69
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Copper Tubing

=Seamless, hard drawn, 20 ft straight lengths.
=Copper, UNS C12200, Type K.
=Per ASTM B88.

Table D-16.
Water Nominal Water Nominal
tube wall tube wall
size o.d. thickness MAWP size o.d. thickness MAWP
(in) (in) (in) (ksi) (MPa) (in) (in) (in) (ksi) (MPa)
1/4  0.375 0.035 1.06 7.31 2 2.125 0.083 0.44 3.03
3/8  0.500 0.049 1.16 8.00 2-1/2 2.625 0.095 0.41 2.83
1/2  0.625 0.049 0.91 6.28 3 3.125 0.109 0.40 2.76
5/8  0.750 0.049 0.75 5.17 3-1/2 3.625 0.120 0.38 2.62
3/4  0.875 0.065 0.89 6.14 4 4.125 0.134 0.37 2.55
1 1.125 0.065 0.68 4.69 5 5.125 0.160 0.36 2.48
1-1/4 1.375 0.065 0.55 3.79 6 6.125 0.192 0.36 2.48
1-1/2 1.625 0.072 0.51 3.52 8 8.125 0.271 0.38 2.62
Copper Tubing
=Seamless, hard drawn, 20 ft straight lengths.
=Copper, UNS C12200, Type L.
<Per ASTM B88.
Table D-17.
Water Nominal Water Nominal
tube wall tube wall
size o.d. thickness MAWP* size o.d. thickness MAWP*
(in)  (in)) (in) (ksi) (MPa) (in) (in) (in) (ksi) (MPa)
1/4 0.375 0.030 0.89 6.14 2 2.125 0.070 0.37 2.55
3/8 0.500 0.035 0.79 5.45 2-1/2 2.625 0.080 0.34 2.34
1/2 0.625 0.040 0.67 4.62 3 3.125 0.090 0.32 221
5/8 0.750 0.042 0.64 441 3-1/2  3.625 0.100 0.31 2.14
3/4 0.875 0.045 0.58 4.00 4 4.125 0.110 0.30 2.07
1 1.125 0.050 0.50 3.45 5 5.125 0.125 0.27 1.86
1-1/4 1.375 0.055 0.45 3.10 6 6.125 0.140 0.25 1.72
1-1/2 1.625 0.060 0.42 2.90 8 8.125 0.200 0.28 1.93

*Annealed properties assumed.
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Copper Tubing

Seamless, hard drawn, 20 ft straight lengths.
Copper, UNS C12200, Type M.

Per ASTM B88.

Table D-18.
Water Nominal Wate Nominal
tube wall r tube wall
size o.d. thickness MAWP* size o.d. thickness MAWP*
(in)  (in) (in) (ksi) (MPa) (in)  (in) (in) (ksi) (MPa)
3/8  0.500 0.025 0.56 3.86 2-1/2 2.625 0.065 0.27 1.86

1/2  0.625 0.028 0.50 3.45 3 3.125 0.072 0.25 1.72
3/4  0.875 0.032 0.40 2.76 3-1/2 3.625 0.083 0.25 1.72
1 1.125 0.035 0.34 2.34 4 4.125 0.095 0.25 1.72
1-1/4 1.375 0.042 0.34 2.34 5 5.125 0.109 0.23 1.59
1-1/2 1.625 0.049 0.34 2.34 6 6.125 0.122 0.22 1.52
2 2.125 0.058 0.30 2.07 8 8.125 0.170 0.23 1.59
*Annealed properties assumed.

Carbon Steel Tubing
= Seamless, cold drawn, stress relieved.
= Carbon steel, AISI MT-1016/1018.
e Per ASTM A519.
Table D-19.
Nominal Nominal
wall wall

o.d. thickness MAWP* o.d. thickness MAWP*

(in) (in) (ksi) (MPa) (in) (in) (ksi) (MPa)
0.250 0.065 8.48 58.48 1.250 0.065 1.48 10.21
0.500 0.035 2.02 13.93 1.375 0.065 1.34 9.24
0.500 0.049 2.88 19.86 1.375 0.120 2.55 17.59
0.500 0.065 3.93 27.10 1.500 0.065 1.22 8.41
0.625 0.065 3.08 21.24 1.500 0.120 2.33 16.07
0.750 0.035 1.32 9.10 1.500 0.1875 3.77 26.00
0.750 0.065 2.53 17.45 1.625 0.065 1.12 7.72
0.750 0.1875 8.38 57.79 1.750 0.250 4.37 30.14
0.875 0.065 2.15 14.83 2.000 0.065 0.93 6.41
0.875 0.120 4.17 28.76 2.000 0.375 6.14 42.34
1.000 0.035 0.98 6.76 2.250 0.120 1.56 10.76
1.000 0.065 1.87 12.90 2.250 0.250 341 23.52
1.000 0.1875 5.96 41.10 2.375 0.4375 6.59 45.45
1.125 0.065 1.65 11.38 2.500 0.049 0.55 3.79
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Table D-19. (Continued)

Nominal Nominal
wall wall

o.d. thickness MAWP o.d. thickness MAWP
(in) (in) (ksi) (MPa) (in) (in) (ksi) (MPa)
2.500 0.120 1.40 9.66 4.000 0.188 1.375 9.48
2.500 0.3125 3.88 26.76 4.000 0.250 1.84 12.69
2.500 0.375 4.76 32.83 4.000 0.500 3.88 26.76
2.750 0.120 1.27 8.76 4.250 0.250 1.73 11.93
3.000 0.120 1.16 8.00 4.750 0.120 0.72 497
3.000 0.313 3.18 21.93 5.000 0.250 1.46 10.07
3.000 0.438 4.61 31.79 5.250 0.250 1.39 9.59
3.125 0.120 1.11 7.66 5.500 0.120 0.62 4.28
3.250 0.065 0.57 3.93 5.500 0.250 1.32 9.10
3.750 0.250 1.97 13.59 6.000 0.188 0.90 6.21
3.750 0.375 3.04 20.97 6.000 0.375 1.84 12.69
3.750 0.625 5.36 36.97 6.750 0.250 1.07 7.38
4.000 0.065 0.46 3.17 8.000 0.375 1.37 9.45
4.000 0.120 0.86 5.93 10.000 0.250 0.71 4.90

*Based on SAE J 1397, MT-1016.

Stainless Steel Tubing
= Seamless, annealed, cold drawn, pickled.

e Type TP 304, UNS S30400.
e Per ASTM A213 (established ASME code material specification).
= Per ASTM A269 must be upgraded to meet ASME code where applicable (see B31.3).

Table D-20.
Nominal 0.375 0.035 3.17 21.86
wall Nominal
o.d. thickness MAWP wall

(in) (in) (ksi) (MPa) o.d. thickness MAWP
0.125 0.016 4.48 30.90 (in.) (in.) (ksi) (MPa)
0.188 0.016 2.88 19.86 0.375 0.049 4.58 31.59
0.250 0.020 2.70 18.62 0.375 0.065 6.28 43.31
0.250 0.035 4.93 34.00 0.500 0.035 2.49 17.17
0.250 0.049 7.15 49.31 0.500 0.049 3.56 24.55
0.250 0.065 10.10 69.66 0.500 0.065 4.85 33.45
0.3125 0.020 2.13 14.69 0.500 0.109 8.75 60.34
0.3125 0.035 3.86 26.62 0.625 0.065 3.80 26.21
0.3125 0.049 5.31 36.62 0.750 0.035 1.63 11.24
0.375 0.020 1.76 12.14 0.750 0.049 2.26 15.59
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0.750 0.065 3.12 21.52
1.000 0.049 1.71 11.79
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Table D-20. (Continued)

Nominal Nominal
wall wall

o.d. thickness MAWP o.d. thickness MAWP
(in) (in) (ksi) (MPa) (in) (in) (ksi) (MPa)
1.000 0.065 2.30 15.89 2.000 0.109 1.92 13.24
1.250 0.049 1.36 9.38 2.000 0.120 2.12 14.62
1.250 0.065 1.82 12.55 2.500 0.035 0.47 3.24
1.500 0.049 1.13 7.79 2.500 0.065 0.89 6.14
1.500 0.065 151 10.41 2.500 0.120 1.68 11.59
1.500 0.083 1.95 13.45 3.000 0.065 0.74 5.10
1.500 0.095 2.24 15.45 3.000 0.120 1.39 9.59
1.625 0.065 1.33 9.17 4.000 0.065 0.55 3.79
1.750 0.065 1.23 8.48 4.000 0.083 0.71 4.90
2.000 0.035 0.60 4.14 6.000 0.083 0.47 3.24
2.000 0.065 1.12 7.72
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Pipe and Tube Support

e Secure all components of pressure
systems.

e Support and secure hose and tubing at
least every 7 feet (2 m) in manned areas.
Support and secure pipe according to Table E-2
in manned areas. Locate supports so that you

Table E-2. Suggested pipe support spacing

limit strain on fittings and minimize overhang at
bends. Consider that pipe and tubing expand
and elongate when heated and contract when
cooled. Use additional supports for heavy
system components.

« Use adequate machine screws (or bolts)
and nuts to secure all components. Wood
screws are not considered adequate.

Suggested Maximum Span

Nominal pipe size Water Service

Steam. Qas. or air service

(in) (ft) (ft) (m)
1 7 2.1 9 2.7
2 10 3.0 13 4.0
3 12 37 15 4.6
4 14 4.3 17 5.2
6 17 5.2 21 6.4
8 19 5.8 24 7.3
12 23 7.0 30 9.1
16 27 8.2 35 10.7
20 30 9.1 39 11.9
24 32 9.8 42 12.8

Reference ANSI/ASME B31.1-1986 edition Table 121.5

NOTES:

(1) Suggested maximum spacing between pipe supports for horizontal straight runs of standard and
heavier pipe at maximum operating temperature of 750°F (400°C).
(2) Does not apply where span calculations are made or where there are concentrated loads between

supports, such as flanges, valves, specialties, etc.

(3) The spacing is based on a fixed beam support with a bending stress not exceeding 2,300 psi (15.86
MPa) and insulated pipe filled with water or the equivalent weight of steel pipe for steam, gas, or air
service, and the pitch of the line is such that a sag of 0.1 in. (2.5 mm) between supports is permissible.
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